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THE FREQUENCY AND PERSISTENCE OF LOW RELATIVE HUMIDITY I N  THE STATE OF WASHINQTOU 

By GEORGE W. ALEXANDER 
[FlraWeather Warning Servlce, Seattle, Wash., March 10,19281 

With this paper there are presented tabulated data as to 
the frequency of occurrence of days marked by a low 
percentage of relative humidity, within certain stated 
brackets, and the coefficients of probability of the occur- 
rence of such days. The totals and averages stated are 
based on the percentages of relative humidity observed 
a t  5 p. m., one hundred and twentieth meridian time, 
during the 34 years, 1894 to 1927, inclusive, a t  the 
Weather Bureau stations a t  North Head, Seattle, 
Spokane, and Walla Walla, Wash., and Portland, Oreg. 
The latter station is included in this study of conditions 
in Washington as being more representative of conditions 
in portions of southwestern Washington than any of the 
stations within the State. Certain adjusted interpola- 
tions have been made for periods during which the 
records a t  two of the stations were incomplete, so that the 
resultant calculations may be more closely comparable. 
It may be stated that the omission from the totals of any 
of the individual months which include interpolated data 
would not materially affect the averages stated. 

This study has been made in connection with the 
fire-weather investigations in the Seattle district of the 
fire-weather warning service. For such a purpose the 
daily minima of relative humdity a t  representative field 
stations would have been preferable as basic data, but 
these are not available for any extended period. Coni- 
parison of such field data as are available with those em- 
ployed has shown that there is a sufficiently close agree- 
ment that the records herein set forth do indicate quite 
closely the general tendencies in the forested and cut- 
over areas near the several stations. During ,4pril, 
May, the first half of June, and the latter half of Septeni- 
ber, the minimum humidity usually occurs before, and is 
somewhat lower than that a t  5 p. ni.; during the balance 
of the season, the midsummer period, during which the 
fire hazard is usually greatest, the minimum frequently 
occurs nearly at, and usually is in close agreement with 
that recorded a t  that hour. For this reason the upper 
brackets of percentages chosen for analysis include some 
humidities that are slightly higher than those ordinarily 
assumed to denote any material increase in the fire 
hazard, in the earlier part of the season, but the actual 
minima of those days may have been a t  or below the 
tentatively fixed danger point. During the midswmner 
season the cumulative effect of preceding periods of low 
humidity, and the normal seasonal changes in the char- 
acter of the fuel, particularly the annual growth, tend to 
increase reaction to the daily changes, so that the figures 
taken niay be considered as very nearly indicating that 
condition which, in Washington, is commonly called 
‘ifire weather. ) )  

It should be stated, parentheticdy, that while the 
subject of fire weather is a complex one, and it is recog- 
nized that many factors must be considered in any 
investigation concerning it, in the Pacific northwest, And 
particularly in the regions west of the Cascade summits, 
it  is assumed by most of the officials of forest protective 
agencies that, other things being equal, and due weight 
being given to the seasonal changes in the character of 
the fuel, the variations in the percentage of relative 
humidity prevailing over a given area may be accepted 
as an index of the variations in the fire hazard in that area. 

Two examples of the weight given the “humidity theory’ 
may be cited. 

Enrly in the season of 1927 the State supervisor of 
forestry and the chief fire warden of the Washington 
Forest-Fire Association, charged with forest protection 
in Washington (outside the national forests), requested 
that a standard nomenclature, descriptive of the degree 
of the expected fire hazard, be adopted for all fire-weather 
forecasts and warnings sent to their wardens and issued 
to the public through the press and by radio telephone. 
After discussion, and reference to other protective 
officials, the following was adopted, as best indicating the 
expected conditions, and was used thereafter in fonnu- 
lating the fire-weather forecasts for western Washington 
sections issued from the Seattle office of the Weather 
Bureau. 

Expected minimum humidity 
50 per cent or higher _ _ _ _ _ _ _ _ _ _  Fire hazard slight. 
49 to 39 per cent, inclusive-- - - - Fire hazard moderate. 
30 to 38 per cent, inclusive-- - - - Fire hazard dangerous. 
29 per cent or lower.- - - - - - - - - - Fire hazard extremely dangerous 

It is recognized that this is an arbitrary classification, 
which may be changed. 

The Logging Insurance Underwriters Association, a 
“pool” of most of the companies writing insurance on 
logging equipment and felled timber, has adopted a so- 
called “humidity warranty,” under the provisions of which 
the assured, by maintaining on his logging operation an 
approved instrument for recording the percentage of rel- 
ative humidity and the temperature (the model 1927 
hygro-thermograph is generally used for this purpose) and 
an approved psychrometer, by which the accuracy of 
the recording instrument may be checked a t  intervals, 
and undertaking to cease active logging operations during 
such time as the relative humidity is below 30 per cent, 
may obtain a very substantial reduction in his premium 
rate. This danger point of 30 per cent was also 
arbitrarily fixed, being something of t~ compromise. 
It is still the subject of discussion, although, in the opinion 
of many of the protective officials, it is sdliciently 
conservative. 

These two practical applications of the humidity theory, 
the increasing interest in the subject, together with the 
frequent requests for data as to the conditions to  be 
expected during the fire season, and the frequency of 
those conditions regarded as dangerous, may serve to  
indicate the necessity for so detailed an analysis of the 
occurrence of low humidity as is given in the tabulations 
that follow. 

For convenience, the six months, April to September, 
inclusive, are considered as the fire season. It is true that 
abnormally low humidities and fires do occur during the 
other months, March and October particularly. The 
low humidities for these two months might have been 
included in the tabulations, but the occurrences are so 
infrequent that no particular purpose would be served 
thereby. During them the degree of fire hazard and 
the actual amount of damage seem to depend ldrgely 
on other abnormalities of the weather, more particulady 
on marked deficits in the seasonable precip’. tion. 

The data for Seattle and Portland are fr-e represent- 
ative of general conditions in the inter ,,,%f western 

Terminology of the forecast 

a >  
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Washington and the lower western slopes of the Cascades, 
although the tendencies in the sheltered valleys of the 
Cascade system are for generally higher teniperatures and 
lower humidities. The nature of the variations a t  the 
individual stations depends largely on orographic influ- 
ence. There is a more limited application of the data for 
North Head. This station is particularly exposed to  
maritime influences, low humidity is noted only when 
the winds are from easterly quarters, outflowing from a 
HIGH over the plateau. The relative humidity over the 
area just a short distance inland from this station is 
generally several per cent lower hhan on the immediate 

---A/ 
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FIQ. l.-Minimum relative humidity and number of fires 

coast, hence the high index figure chosen for the tabula- 
tion. Conditions here may be taken as representative 
of the “fog belt” along the Washington coast, to the 
westward of the Olympics and the Coast Range. 

In  the eastern sections the humidities at! Spokane and 
Walla Walla are in close correspondence with those in 
the’field in their vicinities, and are somewhat lower t,han 
those reported a t  certain stations on the eastern Cas- 
cades and in the Okanogan highlands. The highest 
percentage tabulated (25) is close to the 5 p. ni. normal 
for July and Au ust a t  the two Weather Bureau sta- 

normal humidities in the field and a t  these stations is in 
close agreement. I n  the prac,tic.al applicabion of these 
data, for all sections, it must be borne in mind that, bhe 
local peculiarities of climate, as shown by the amount 
and distribution of precipitation, the prevailing te.ni- 
peratures, and the frequency of lightning storms, as we,ll 
as the local differences in the forest types and fuel mate- 
rials, must all be given due c,onsideration. 

Tables 1 and 2 show the total number and the mont~hlp 
and seasonal averages of days wit8h relative humidity 
within the indicated brackets, with the extremes, and 
the years of their occurrence, for each bracket. Table 3 
shows the coe%c.ients of the probability of the occurre.nce 
of a day of such relative humidity. Some rather inter- 
esting points are brought out by the figures shown. 

It will be noted that a t  all stations, except North 
Head, the total number, the averages, the probalditmy of 
the occurrence of humidity within t,he upper brac.kets, 
and the monthly totals for all days with humidity below 
the upper index figure vary directly with the normal 
variations in temperature and hours of sunshine through- 
out the year, and inversely with the monthly precipita- 
tion. For North Head the opposite is true for all brack- 
ets and for the totals. A t  Seattle there is an irregularit,y 
in the “30 per cent to 26 per cent” bracket, and a marked 
reversal in the two lowest. At Portland t,he reversal 
appears in the two lowest brackets, although to a snialler 
extent. From these figures we may infer, and the in- 
ference is isupported by a more detailed study of the 
individual cases, that marked abnormalities in the per- 
centage of relative humidity on the immediate coast 
are caused by marked departures from the normal con- 

tions. In  genera, ’? the number of occurrences of sub- 

ditions as to wind direction and absolute humidity; 
specifically, to the dominance of HIGHB over the plateau. 
These are more frequent in April, May, and September 
than in June, July, and August. This same inference 
holds with regard to the more marked abnormalities a t  
Seattle and Portland; that is, extrenwlly low relative 
humidity is most frequently attendant on the conditions 
just stated, and the more frequent and less pronounced 
departures from the normal (shown in the two upper 
brackets) are due more frequently to those conditions 
which are favorable for higher temperatures while caus- 
ing no great change in the absolute humidity. Or, 
stated more generally, seasonal variations with slight 
abnormalities appear while the normal maritime climate 
prevails, the degree of the departures depending on the 
position of the Pacific HIGH, as causing northerly or 
westerly winds. The variations abnormal to the season 
oc.cur when there is an intrusion of the continental 
c.limatic regime over western Washingt,on, under the 
domi1ianc.e of t’he plateau HIGH. 

For the eastern sections no such abnormalities appear. 
The peak of probability for all brackets and the totals 
appears in July, actually in the latter half of that month. 
The most marked abnormality in the occurrence of low 
humidity in the northeastern section (Spokane), a de- 
creasing or st,ationary low humidity as the accompani- 
ment of decreasing t,emperature and fresh to strong 
southeast’erly winds, is due to local conditions, oro- 
graphic t,o some estent, but more to the nature of the 
terrain over which the southwesterly winds have trav- 
eled. This does not show up in the tabulations, as it is 
more frequent during the warmer months. 

Of equal, or perhaps greater, importance than the 
number of days with low relative humidity is the tend- 
mc,y for recurrence, or oc,currence on consecutive days. 
One day, or a few hours, of such low humidity may not 
affect the fuel so as to cause any appreciable change in 
the degree of the, fire hazard, but, whatever of effect 
may be asc.ribe,d, it is obvious that the longer the period 
over which it prevails the greater the ultimate effect on 

Ju(v I // /a 29 Hog / 8 /.T Pi‘ 29 

PIC. 2.-Wee!dy flre occurrence and its relation to avernge minimum relat.ive humidit 

t)he fire material. To cover this phase, Table 4 shows 
the number of occurrences of consecut,ive days of low 
relat,ive humidity, within the limits and in the several 
day groups as indic.ated. 

Table 5 shows the average number of periods (groups 
of one or more days) and Table 6 the average duration 
of such period, with the estreine, and its date, for each 
c.lassification. A study of these figures seems to con- 
firm the inferences previously iiot,ed as based on Tables 1, 
2, and 3. The persistenc,e curve, if expressed graphically, 
would vary somewhat from that for occurrence, a t  
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38 to 31. inclusive ....._.____....__ 
30 to 26, inclusive ........___....__ 
25 to  20, inclusive .......__._....__ 
19orlower .._._.._..._.__._...... 

38 or lower.. 1 __._.._.____._ 

TABLE 2.-Average number of days with relative humidity aa indicated, 
monthly and for season, with seasonal extremes, period 1894-1987- 
Continued 

A T  PORTLAND,  OREO. 

2.8 3.0 3.0' 5. S/ 5.11 2.021.4 37 1904 7 1925 
1.3 1.6 1.5' 2. 11 2. li 1.0 9.6 21 1918 3 18BB 
1.8 1.0 0.9 0.8 0 8 0.5 5.7 17 1918 0 1908 
0.6 0.4 0 .4 ,0 .4 /0 :3 (0 .4  2.6 711895 011899 

139.3 69 1918 16 11912 6.4' 6 0 5.8; 8.8! 8.3; 3.9 
_ _ _ _ _ - I  ----- 

I I '  I I I 

Seattle and Portland, but would be altogether in accord 
et the eastern stations. The abnormalities noted for 
North Head and for the lower brackets at  Seattle and 
Portland are just as apparent. 

In Table 7 there is a chronological list of the occurrences 
of low humidity a t  each station during the period covered 
by this study. This is offered for the information of 
those who may wish to correlate fire occurrences or other 
phenomena with the occurrence of low humidity, as 
these figures are not available in any published data, as 
are those for precipitation and temperature. 

T H E  OCCURRENCE O F  LOW R E L A T I V E  H U M I D I T Y  

Totals and averages are based on the 34-year period, 
1894-1927, for all stations. 

TABLE 1.-Total number of days with relafive humidity as indicated 
(6 p .  m. obsemntion) 

AT SEATTLE,  WASH. 

, I I I 

~ 

3 
1 

Total, 50orlower.-..l 25 15 I A I 4 

2 
2 
3 

, 
-- 

38 to 31. inclusive _____..____ 
30 to 26, inclusive .... _.___._ 
25 to 20. inclusive __.....____ 
19 or lower. -. . - ~  -. .. . _ _  _.__ I 

0.094 
,044 
OS9 : 019 

38 or lower. _____..___ .ZlS 
___ 

0.091 0.100 0.177 0.188 0.066 0.117 
.051 ,051 .069 .066 .033 .063 
.032 ,028 .On ,026 .017 .(131 
,014 ,015 . 012 .011 .015 .OM 

,194 ,194 . a 6  ,270 .130 .216 
-_____---- 

I-I-I-I-I-I-I-1-1-1-1- 

AT N O R T H  HEAD,  WASH. 

AT SPOKANE, WASH. 

25 to 20, inclusive __._.___......_._ 
19 to IS. inclusive _.._.__..._____._ 
14orlower ..___...._____.________ I-; ___- 1-1 _-_- 

25 or lowar _____..._____.___ 7.6 8 6112.5 21.120.3 9.179.2 113 1924 60 1927 
1 - 1 . 1  I I I I I I I i 

A T  WALLA WALLA, WASH. 
, . . .  , . ,  , /  

38 to31  inclusive ______.____ 
30 to  ZS: inclusive _____._____ 
25 to u). Inclusive __._.__.___ 
19 or lower _________.______ - 

Total, 38orlower----l 146 1 161 I 198 I 203 1 175 I 76 1 959 

A T  PORTLAND,  OREQ. 
- ~~ , , I 

25 to 20, inclusive __._._____.______ 
19 to 15. inclusive __...____..______ 
~ J n r l o w e r  ___._. ~ _....____...____ 

38 to  31. inclusive _____.___ _ _ I  
30 to 26, inclusive _ _ _ _ _ _ _ _ _ _ _  
25 to 20, inclusive _ _ _ _ _ _ _ _ _ _ _  
19 or lower _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  89 

- 

1 And other semons. 1 Several seasons. 

TABLE 3.--Coeflcients of the probability of the ocpurrence of a 
day of low relative humidity, as indicated 

A T  SEATTLE. WASH. 

Total,3Sorlower---./ 220 1 ZM I 198 I 301 1 285 I 133 1 1,341 

A T  N O R T H  HEAD,  WASH. 

17 48 
16 1 30 
7 19 

40 1 87 - 1- i- I-1-1- 

A T  SPOKANE, WASH. 
--___-___-- 

38 or lower _ _ _ _ _ _ _ _ _  ,143 .153 . 194 I .192 ,108 .074 .1M 

AT PORTLAND,  OREQ. 

Total,25orlower--..l 160 1 207 1 342 I 645 I 590 I 16: 1 2,111 

50to41, inclusive __.._..__.. 0.014 0.008 0.003 0.003 O.Oo0 0.017 0.007 
40 to 31. inclusive ....... .-.. ,008 ,003 . OOO .002 ,018 .005 
Soorlower ___...___....__.. 1 ,003 1 ::; 1 ,003 I :% 1 .O(W I ,0071 . ~ ) 3  

50 or loxer. - __. .....- .ON ,006 .W .005 .039 .016 
------- TABLE 2.-Average number of days with rdative humiditu as indi- 

cated, monthly and for season, tiiith ~easo)~ct l  extremes, period 1894- 
1927 

A T  SEATTLE.  WASH. 
I I I_(' I I _-__ 

A T  SPOKANE, WASH. 

Relative humidity (per cent) 

_ _ - _ _ _  ~ 

38 to 31, inclusive. ___.___..___.___ 2.5 3.2 4.0 4.8 4.4 1.7 20.6 39 1926 4 1805 
30 to 28 inclusim _.____.._________ 0.9 10.6 1.2 10.9 0.8 0.3 0 1 1913 
25 to  20: inclusive _.___________.___ 80.7 0. t 0. s 0.3 0. I 0.2 o 1 1804 
19 or lower ___._ ~ _.___._____..____ 10.3 /0.2 !O. 1 10.030 0.03 0.7 4 1928 0 1 1W4 

4.7 
2.5 

13 1927 
9 1898 

I I I I I ~ _ _ _ _ _ - . - _ - ~  

A T  lVALLA WALLA. WASH. 

25 to 20, inclusive ..___...._. 0.105 0.131 0.183 0.254 0.250 0.114 0.174 
19 to 15, inclusive _____..._.. .036 .054 . 119 ,215 .208 .042 .111 
14orIower .____.____..____. 1 ---____-- ,0161 ,011 I ,0331 ,1421 . I M I  .UII~ .W 

25 or lower. ...___..__ .IS .I96 .335 ,612 .5W ,184 .339 ~ 38orloaer  _________._____.. (4.4 14.7 15.8 16.0 15.3 12.2 j18.41 051 1926 I 51 1913 
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April ........... 
May ........... 
June ........... 
July ............ 
August ......... 
September ..... 

Season..- 

APRIL, 19%- 

1 1 2  3 4 6 1 6  - 7  8 1 9  1 0 1 1 1  

11 4 .................. 
9 

10 1 1 .......................................... 

lo 

3 --_-_------.-.-.-.)::::::::I::: :::I:: :I:::: :::::I!:::::: 
13 I::::::. 

1 .................. I:::::: :::::: :::::: ::::I: :I:::: , _ _ _ _ _  . 
62 I 12 1 ...... 1 ...... 1 .................. 1 ............ 1 ...... 

......................... 
9 3 ............ _ _ _ _ _ _ I  ........................ ...._.:..__._ 

----__-____.__--' 

I I /  

THE P E R S I B T E N C E  O F  LOW R E L A T I V E  H U M I D I T Y  

Number of occurrences of consecutive days of low 
relative humidity, within the limits and in the several 
day groups as indic.ated. 

TABLE 4 

AT SEATTLE, WASH. 

GBOUPS OF DAYS, RELATIVE HUMIDITY 38 PER CENT, OR LOWER 

April ........... 
hlay. _ _ _ _ _  _. --. 
June. .......... 
July ............ 
August ......... 
September - - - -. 

Season ... 

TABLE 4-Continued 

AT P 0 RT LAND, 0 REG .-Continued 

GROUPS OF DAYS, RELATIVE HUMIDITY 19 P E R  CENT OR b J w E E  

51 
35 
35 
51j 
61 
34 

272 
- 

i Number of days 

April ........... 

June. .......... 
July ............ 
August ......... 
September-. - -. 

Season--- 

May ........... 
27 
26 
37 
25 
19 
9 

143 
- 

Number of days I 

33 

8 4  " 
; 3  
3 1  
3 1  

11 
-- 

April _ _ _ _ _  _ _  _ _ _ _  
May- _ _  _._ ._.__ 
June.. _ _ _ _ _ _ _ _ _  
July ............ 
August ......... 
September---.. 

Season-.- 

0 
3 
3 
1 
5 

21 

42 
- 

1 1 _ _ _ _ _ _ I  ...... I ........... 
2 .................. 
0 ........................ 
0 
0 

............ ............ ...... - 1  I I 
1 .............................. _ _ _ _ _ _ I  .............................. 

...................................................... 

...................................................... 
1 I !  .............................. ------ 
4 .................................... I 1  i I  

! '  --I- .................. 
j .................. 
I 

April.. ......... 
&ray ........... 
July..- ......... 
June 

August 
September 

........... 

......... 
..... 

Season ... 

............. ...... ...... ...... ............ 
............ ............ 

............ 
...................... 

15 1 ............ 

2 
0 
0 
0 
0 
0 

2 

...................................................... 

...................................................... 

...................................................... 

...................................................... 

...................................................... 

...................................................... __-__- ______-__-- ..................I...... ...... ......__.._.......I ...... 

~ 

April _ _ _ _ _ _ _ _ _ _ _  
hiay _ _ _ _ _ _ _ _ _ _ _  
June ........... 
July ............ 
August ......... 
September- - - _. 

Season ... 

6 
7 
4 
1 
0 
1 

19 
- 

April ..____ 
&13Y. - - - - -  

~ - .  

1 2 3 4 6 1 6  7 1 s  9 1 0 1 1 1  12 13 14 15 16 17 
~ - _ - L - _ _ _ - _ _ _ _ _ _ - _  

72 29 14 6 6 1 0 1 2 0 1 1 _ _ _ _  _ _ _ _  ___. .___ _ _ _ _  
69 28 14 9 5 5 0 2 1 1 0 0 0 0 0 0 1 

Ap ril.... ....... 
May.-.---.-..- 
June _____.___.. 
July ............ 
August ......... 
September ..... 

~ . _ _  

26 14 7 1 .......................................... 
~2 8 1 2 .......................................... 
22 6 3 ................................................ 
29 5 ...................................................... 
22 5 1 1 .......................................... 
16 5 3 .................. 1 ........................ 1 ...... 

2 3 

16 
26 
24 
2R 
23 
6 

8 

10 
10 

1 

52 

15 8 

- 

0 1  0 0 .................. 
1 0 _-- -  - - - - - - - -  - - - - - -  

0 2 .................. 
0 0 .................. 
0 0 _--. --  --..-- - - - - - -  

1 0 .................. 1 1  
----__- 9 1  I !  

~ 

A T  N O R T H  H E S D ,  WASH. 

GROUPS OF nays .  RELATNE HUMIDITY 50 PER CENT OR LOWER 

4 :I 0 1 

121 
2 1  

2 1  ...... 1 ......I ...... AliriI.____ _____. 

June ........... 
July ............ 
August ......... 

........... 

GROUPS OF DAYS. RELATIVE HUMIDITY 40 P E R  CENT OR LOWER 

QROUPS OF DAYS, RELATIVE HUMIDITY 30 PER CENT OR LOWER 

0 
1 
0 
0 
0 
0 

1 
- 

1 
1 

...... 

...... ...... ...... .... ...... 

GROWS OF DATS, RELATIVE I~CWIDIT~ '  25 PER CENT OR LOWER 

April _ _ _ _ _ _ _ _ _ _ _  20 3 

June _ _ _ _ _ _ _ _ _ _ _  15 3 
July _ _ _ _ _ _ _ _ _ _ _ _  8 1 
August _ _ _ _ _  _ _ _ _  4 0 

May ...._ ...... 16 4 

GBOUPS OF DAYS, RELATIVE HUMIDITY 19 PER CENT OR LOWER 

A T  PORTLAND,  (-)REG. 
GROUPS OF DATS, RELATIVE HUMIDITY 38 PIR CENT OR LOWER - 

April. .......... 52 9 6  4 0 1 1 ............ 
May _.......... I :I/ 

l21 ";: f i  0 1  3 1 1  _..___I ...... 
June-. - - - - - - _ _ _  

Y 2 1 .................. July ............ 55 22 
Aueust ._____._. 66 31 18 1 4 , 2  0 1 0 1 

.................. 
Number of days I 

April ........... 32 
May.-- 
June _.. ........ 24 

...... ...... ...... 
I...... ...... 

July ............ 52 
August ......... 54 
September. - - ._ 35 Number of days I 

April .......................... ............... ............ ....... 
hlny 
June ...... 
July ....... 

Season.. 6 1 2 

- - 1x1 , , , , , , , I , ..... ..... 

...... ...... season.--/ 137 I 43 I 15 1 4 I ...... I ...... I ...... I ...... 1 ......I I 
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11 

13 

68 

APRIL, 1928 

- 
3 4  
_- 

4 2  
7 3  

6 
2 0 7  

13 
3 2  

35 
-_ 
~ 

TABLE 5.-The average number of periods (groups of one or more 
days) of lour relatirie hctmadity, for the %$gear  period 

A T  SEATTLE, R'ASFI. 

3Sorlower ................. 
30orlower ................. 
2.50rlower ................. 
I!) orlower ................. 

TABLE 4-Continued 
AT RPOKANE, WASH.-Continued 

GROWS OF DAYS, RELATIVE HUMIDITY 19 P E R  CENT OR LOWER 

I 
2.5 2.4 2.6 3.1 3.0 1.4 14.9 
1.2 1.1 1.7 0.9 0.7 0.4 5.6 
0.7 0.6 0.5 0.3 0.1 0.2 2.6 
0.2  0.2 0.1 (1) 0 (9 0.6 April _ _ _ _ _ _ _ _  ~- 

June ........ ~- 
July _________.- 
August _ _ _ _ _ _  r -  

September--.- 

Season - - - 

May ._______.- 36 13 

34 16 
55 23 
45 29 
37 12 

350 100 

43 7 

__ 

5 

12 
0 

3 
5 3 0 1  ............................. 
9 f i 4 ~ 5 i i i o z n 0 1 . .  
4 3 1 2 1 2 0 0 0 2 0 0 0 1  
2 ............. ___,._. .................... 

3 ................................ .--.___._I.__ ........... 
2 0 0 0 1 .......... ...............I......... ..... 
7 2 3 ............................................... 

20 8 5 4 0 l o  1 .................. .......... 
19 6 3 3 0 0 1 1 1 .  ......................... 
2 1 ................................................... 

Ap ril................... 
May 
June .................... 

Number of days 

16 16 17 18 19 XI 21 22 23 24 25 29 30 I42 

........................................................ 
............................................................................ 

1 0 I ............................................ 

_ _ _ _ _ _ _ _ _ - _ _ _ _  

April .......... 
hlay ........... 
June ........... 
July ........... 
August ........ 
September-.--. 

Season--- 

24 
31 
39 
61 
G3 
18 

236 
- 

Number of days I-II 2 

1 Less thau 0.05. 
A T  PORTLAND,  OREO. 

3Yorlower ................. 3.1 2.6 2.8 4.0 3.8 2.0 16.5 
3Oor lower ................. 1.9 1.8 

19orlomer ................. 0.4 0.4 0.4 0.4 
25orlower ................ 1 1.41 1.51 ki i  2.2 

AT N O R T H  HEAD,  WASH. 

OnOUPS OF DAYS, RELATIVE HUMIDITY 14 P E R  CENT OR LOWER 

I 1  
April .......... 12 
May _ _ _ _ _ _ _ . _  14 1 
June .......... 25 - 

SO or lower ................. 0.59 0.35 0.18 0.12 0. 18 0.65 2.26 

30or lower O.(W 0.00 0.W 0.00 0.09 
40orlower ................ ................. I n . 2 9 1  0.121 0.091 0.031 0.1i/ ;:I/ 0.53 1.24 

July _ _ _ _ _  _ _  _ _ _ _  54 
August _ _ _ _ _ _  _ _  43 
September.-.. 16 

A T  WALLA WALLA, WASH. 

GROUPS OF DAYS, RELATIVE HVMIDITY 25 P E R  C,ENT OR LOTVER 
A T  SPOKANE, WASR. 

~~~~ ~~ 

35orlower ................. 1 3 . 9  4.0 3.7 3.5 3.5 3.2 21.9 
19 or lower ................. 3.6 15. 5 

7.6 14orloaer  ................. I :::I bsi :::I :::I 1.21 
~~~~ - 

4 T  WALLA WALLA. WASH. 

I Number of days 
- 

April ................... 
hlay .................... 
June .................... 
July .................... 
A U ~ s t  ................. 
Sevtember .............. 

6 7 8 9 10 11 12 13 14 
-___-__ ~ _ _  

I) 1 I ._.. _ _ _ _  _ _ _ _  -.-. .-.. -.-. 
3 1 2 1  ................... 
4 4 4 4 0 0 0 0  2 
3 9 8 3 3 4 3 0  1 
4 7 2 3 4 0 0 2  0 
0 1 ,.. .......................... 

3 4  
-_ 
10 7 
11 9 
11 6 
13 12 
14 7 
6 4  

25orlower 
1 Y  or Ion er.. 

................ 

TABLE 6.-Tlic ccrerccgc' tlitrdio)i of pci  io& of lo70 rdatii1e h u m i d i t y  
for the .%$-year period,  wi th  dale  untl tluratton of longest period 

AT SEATTLE,  WASH. 

Relstive 1 I 1 1 ' f e j s e a - 1  
humidity -\pill May June J u l y '  tem- son Longest period with date 
(per cent) i lg'st her 

.... 

AT PORTLA PJD, OREQ. 

3Sorlomer ROorlower _ _ _ _  .... ~ 2 . 1 ~ 2 , 1 ~ 2 , l ~ 2 . ~ ~ 2 . 2 ~ 2 . 0 ~ 2 . 1 ~ l l ; A u ~ 1 1 s t . l y i 3 .  1.9 1.6 1.9 1.5 1.4 1.4 1.6 7; Jul:;, 1896. 

2sorlower _.__ 1.6 1.5 1.4 1.2 1.3 1.3 1.4 4; several dates. 
19 or lower __.. 1.3 1.2 1.2 1.0 1.1 1.2 1.2 3; June, 1920. 

Number of days 

IT I l I I i I l I  

A T  N O R T H  HEAD,  WASH. 
7 1 3 

10 6 ...____. ................................ I - - - -  - ~ - -  - - - -  

23 9 1 0  4 4 3 5 0 0 1 0  1 1 

11 1 1 1 ................,................I ............ 

............ 16 11 5 3 2 2 1 ....................I 
22 14 8 12 1 3 3 : j i a 1 ....I ............ 
_-__--__------- 
89 42 27 20 

7 1  6 1  9 2 1  3 
2 1 0 ;  0 1  1 I 

I 

7 1 3 
10 6 ...____. ....... 

............ 

....... 
11 1 1 1 .___ , ............ , - - - -  - - - -  - 

AT SPilIiiAPJE, WASH. 
~~ 

25or lower __.. 2.0 2.1 3.3 6.0 5.8 2.6 I 3.6 34; June-Jul?. D2S. 

15 orlower 1.2 1.4 1.4 1 . Y  2.1 1.2 ' 1 6 10; AuRust, 1694. 
19orlower .... .... ~ 1.7 ~ 1.7 ~ 2.3 j 3.3 j 3.4 11.9 ~ 2:6 ~19;AuglLst,1904. 

A T  JY.4LL.4 WA L L i ,  WASH. 

GROUPS OF DAYB. REL4TIVE HLWIDITY 14 P E R  CENT OR LOWER 

April .......... 11 1 0 1 .................... .... .... 

July ........... .... 
August ........ 46 14 7 3 
September ..... 6 0 ........................ 

May.--.--.-.-. 8 2 
June M 5 1 1 

............................ 
............ ........... .... 

/ I I , I I I I  - 

. 25 or lower _.__ 2.0 2. 1 3.4 5 . 2  S 3 2. 1 3.6 42; .Tuly-August, 1910. 
]Sur lower ..-- 1 1.5 1 ;:; 1 2.0 1 2 . 9  I 2.5  1 1.6 1 2.3 ! 15: July, 1911. 
14 or lower .... 1.2 1.3 1.9 1.5 1.3 1.6 8;JUlY,lY11. 
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Year 

1894 _ _ _ - - - - -  
1895 _ _ _ _ _ _ _ _  
1896 _ _ _ - - - - -  
1897 ____.__. 
1888 _.____.. 
1699 _.___..- 
1900 __.__.__ 
1901 ._-____. 
1902 _.___._. 
1803... __._. 
1904 _____.__ 
1905 .____.__ 
1808 ____.-.. 
1907 ____.... 
1W ____._.. 
1909 ._..__._ 
1910 ..._____ 
1911 _ _ _ _ _ _ _ _  
1912 _ _ _ _ _ _ _ _  
1913 
1914 ____.... 
1915 __...... 
1916 ___..___ 
1917 __._.___ 
1918 _._____. 
I919 _._____. 
1920 ..____.. 
1921 _.___... 
1922 __-_.--- 
1923 ____.___ 
1924 ____.___ 
1925 _ _ _ _ _ _ _ _  
19% _ _ - _ - - - -  
1827 _.______ 

MONTHLY WEATHER REVIEW 

- 
38-31 

12 
25 
30 
10 
20 
19 
16 
17 
27 
14 
aa 
4 
I 
21 
6 
14 
11 
25 
18 
5 
15 
12 
23 
25 
23 
34 
21 
17 
29 
22 
25 
29 
49 
19 

APRIL, 1928 

14 'Total 
--- 
22 73 
38 88 
19 86 
5 56 
16 104 
7 
11 75 
8 57 
1 71 
5 69 
24 94 
11 75 
11 86 
1 55 
19 90 
13 91 
20 92 
8 73 
2 51 
4 67 
17 80 
8 66 
5 70 
27 90 
15 99 
23 104 
8 84 
11 68 
17 85 
5 71 
29 113 
16 90 
24 95 
5 50 

% TABLE 7.-The number of days with low relative humidity, within 
the limits indicated, for each year of the period 1894-1927 

TABLE 7.-The number of days with low relative humidity, within 
the limits indicated, f o r  each year of the period 189.$-19274on. 

25-2( 

34 
39 
18 
37 
23 

5 4 m  
18 
11 
5 
16 
28 
21 
22 
37 
35 
37 
46 
38 
36 
42 
21 
42 
35 
33 
50 
46 
34 
51 
38 
37 
33 
25 
34 
33 

C31 

'0 

30 
-- 
1 1  
0 0  
3 0  
1 1  
0 1  
2 0  
0 0  
0 1  
0 1  
0 1  
0 0  
1 1  

1 1  
0 0  
0 0  

0 0  
3 0  
2 1  

0 0  
1 1  
0 0  

0 
1 0  
1 0  
1 0  
1 3  

4 1  
0 3  
6 1  
0 1  

n o  

i n  

n o  

o n  

30-26 

-- 

'otal 
_- 

3 
8 
4 
3 
3 
1 

3 
2 
2 
5 
2 
2 
0 
1 
2 
1 
3 
3 

0 
2 
1 
3 

1 
2 
5 
0 
5 
6 
9 

5 '  

0 
8 
6 
2 
5 
;i 
2 
3 
2 
1 
5 
9 
8 
1 
9 
1 
5 
1 
0 
2 
1 
6 
5 
9 
8 
3 
3 
5 
5 
7 
5 
13 7 

2&2( 

4 2 3  
30 
31 
32 
51 
35 
40 

3 2 9  
47 
47 
42 
35 
48 
41 
40 
40 
42 
42 
34 
44 

1 2 s  
35 
40 
35 
40 
49 
50 
39 
45 
38 
37 
30 
31 

2 2 9  

Per cent of relative humidity. 5 p. m 
~~ 

rot81 3631 
- _ _ ~  

12 24 
40 27 
38 25 
14 24 
35 17 
29 19 
24 17 
22 12 
35 33 
18 19 
31 37 
11 23 
39 30 
32 23 
7 15 
25 12 
12 25 
33 14 
24 8 
5 14 
18 22 
13 19 
32 23 
32 23 
40 25 
43 27 
28 21 
23 33 
38 20 

41 24 
37 7 
65 22 
35 27 

30 15 

I 

- 
520 
- 

0 
5 
2 
2 
9 
2 
1 
3 
4 
1 
3 
2 
1 
1 
0 
2 
0 
3 
3 
0 
1 
0 
3 
1 
8 
1 
1 
3 
3 
3 
7 
2 
5 
3 
- 

30-26 

0 
13 
15 
15 
14 
3 
5 
10 
10 
7 

10 
1 1  
8 

11 
8 
5 
5 
7 
12 
6 
9 
11 
21 
14 
11 
6 
S 

1 1  
6 
9 
9 

i 

12 

19 

1994 _.......__._.. 
1B9J _._.....__._.. 
1s91; ........__.._. 
1397 ____....______ 
1s9s .._...._...... 
1s99 _.._....____.. 
19w ..__...__..... 
1101 _.......__._.. 
1902. .......__.._. 
1903 ..._....______ 
1BM- _........_... 

0 
2 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 
1 
2 
0 
0 
0 
0 
2 
0 
0 
0 
0 
1 
0 
0 
1 
0 
1 
0 
2 
1 
4 
0 

- 
2 
3 
5 
2 
2 
1 
1 
2 
2 
1 
2 ~~ 

1905 ._._...._.____ 
1906 ._.....__..._. 
1907 _._........... 
1908 .._._._..-.... 
1909 _._..._....... 

__ 
25-20 

3 
2 
0 
0 
1 

2 
8 
6 
10 
12 
3 
2 
3 
0 
1 

11 
z 
;r 

! 
; 

0 
8 

2 
3 
4 
4 
4 
17 
10 

5 
2 
7 
2 

11 
1 
12 
10 

1910 ..__.___.-.-.. 
1911 ..._....._._.. 
1912 _.__...._____. 
1913 ..._.._____._. 
101.1 .._........-.. 
1915 ______........ 

1917 ..___....___.. 
1918 _.._....._._.. 
1919 ..._....._._._ 

1921 ̂_.___.__..._. 

lY?Z .._. ......... 
1923 .._._........_ 
1R?L ._._.......... 
1925 ._._........_. 
1924 .___....._.... 
192; __......__.... 

1916 _....._.._.... 

1920 ._._...._____. 

~ 19 

__ 
1 
7 
3 
5 

6 
2 
1 
6 
1 
6 
4 
2 
5 
0 
2 
0 
3 
0 
0 
1 
0 
3 
0 
6 
5 
6 
2 
1 
3 
2 
2 
2 
0 

1 
1 
0 
0 
1 
0 

1 
3 
4 

1 
1 
0 
0 
3 
2 
1 

n 

n 

~ 

rota] 
- 

36 
55 
4R 
54 
50 
25 
28 
20 
44 
31 
64 
41 
49 
4i 
23 
33 
37 
29 
16 
23 
38 
29 
39 
3s 
69 
56 
46 
43 
36 
32 
4s 
16 
45 
46 

Per cent of relative humidity, 5 p. m. 
- 
l-1; 
- 
23 
31 
36 
19 
37 
12 
24 
20 
23 
17 
28 
28 
2 i  
13 
31 
38 
30 
23 
15 
19 
35 
23 
25 
25 
44 
32 
ZG 
18 
33 
25 
47 
44 
40 
16 
- 

- 
3-1: 
- 
13 
23 
4 
11 
2 
13 
0 
2 
1 
5 
4 
11 
12 
13 
27 
34 
30 
28 
27 
34 
33 
26 
15 
29 
31 
29 
28 
24 
21 
29 
46 
35 
33 
22 
- 

- 
14 
- 
4 
3 
2 
2 
1 
8 
0 
0 
0 
1 
0 
3 
2 
2 
16 
27 
33 
29 
8 
10 
16 
12 
4 
18 
8 
17 
19 
14 
10 
4 
19 
7 
18 
12 
- 

rot81 
- 

61 
65 
24 
E4 aa 
41 a 
13 
6 
a2 
32 
35 
36 

78 
88 
108 
94 
88 
86 
76 
80 
54 
80 
88 
92 
81 
89 
69 
70 
98 
67 
85 
67 

5 1  I 

- 

FOREST-FIRE WEATHER IN CENTRAL MASSACHUSETTS 
By PAUL W. STICKEL, Assist,ant Silviculturist 

[Northeastern Forest Experiment Station, United States Forest Service, Amherst, Mass., February 29, 19281 

The forest fire hazard in the Northeast is most acute 
during two distinct periods in the year: (1) In  the spring, 
from the disappearance of the last snow to the complete 
foliation of the deciduous trees; (2) in the fall, from the 
beginning of defoliation until the ground is covered with 
snow. While the trees and shrubs are in a dormant' 
state, the leaf litter-the principal carrier of fire in t,he 
Nor theas t i s  fully exp'osed to the drying-out act'ion 
of wind and warm dry weather. Between the spring 
and fall fire seasons the danger is reduced materially by 
the influence of the tree foliage upon the leaf litter. I n  
other words, the leaves intercept the sun's rays and 
diminish wind velocity, thereby lessening the rat>e of 
evaporation from, the duff, whic.h in turn decreases the 
fire da.nger. 

The above discussion is equally true for open grass- 
land areas. Until the new crop of green vegetation 
covers the pastures and meadows in the spring and t,he 
snow covers the dead plant remains in t,he fall, condit,ions 
are similar to those which are found during hazardous 
periods on forested lands. 

In the present paper the discussion of the corre,lation 
between weather and forest fires will be limited to t'he 
conditions in central Massachusetts during the spring of 
1927. The fire records are for the following counties: 
Worcester County, the western half of Middleses County, 
and the eastern half of Franklin, Hampshire, and Hamp- 
den Counties. The total area of the region is approxi- 
mately 1,750,000 acres, the gre,ater part of which is 
included in the so-called white pine region. The meteoro- 

1 The author wishes to thank Mr. A .  W. aottlieb !or his ass@tance in collecting tho 
data at the Petersham, Mass., flre-weather station mnmtalned ~omt ly  w1t.h the Hsrvord 
Forest. 

logical data of the Petersham fire-weather station, main- 
t,ained jointly by the Northeastern Forest Experiment 
Station and t,he Harvard Forest, were used for comparing 
the we.ather and the occurrence of fires. At Petersham 
t,wo observation stations were located in the white 
pine t,ype-one in a clear-cut area and t,he other in an 
adjacent mature stand of northern white pine and eastern 
heniloc,k. At each station measurements were taken of 
dufT moisture content of the surface layer and a t  1 inch 
depth, and duff te.mperature, as well as the regular 
observat,ions of air temperature, relative humidity, 
eva.poration, wind velocity, and rainfad. Atmometers 
(using t,he Livingston porous bulbs and Nichols mount- 
ings) placed at  the level of the leaf litter were employed 
in se,c.uring evaporation data. Special mention should 
be made of the fact that the three-cup Robinson ane- 
niometers were placed only 3% feet above the ground. 
Four observat,ions were taken daily: a t  8 a. m., 11 a. m., 
3 p. in., and 5 p. In. I n  the tables and graphs which 
are prese.nt,ed lie.re,with the 3 p. in. records of the station 
in t,he clear-cut area are used. These records are chosen 
(1) because they represent the maximum degree . of 
hazard; (2) because the average daily minimum relative 
humidity and ave.rage daily maxima OI air temperature, 
evaporation, solar radiat'ion, and wind movement occur 
around 2 p. in. These are all conditions which,tend to 
creat.e a low duff moisture content and consequently a 
high fire hazard. 

Reatmher conditions during the early part of 1927 were 
especially favorable for tflie inception and spread of forest 
fires. A mild open winter wit,h moderate snowfall was 
followed by a very dry, warin spring. The transition 
began e.arly in hlarch and by the end of that month was 


